14-kDa ubiquitin-conjugating enzyme: structure of the rat gene and regulation upon fasting and by insulin.
Upon fasting, an increase in proteolysis occurs in rat skeletal muscle and is associated with increased levels of ubiquitin-protein conjugates. As this suggests that formation of conjugates may be activated upon fasting, we studied the expression of the gene encoding the 14-kDa ubiquitin-conjugating enzyme (E2(14k)). A cDNA encoding rat E2(14k) was isolated and used to probe Northern blots of RNA from extensor digitorum longus muscles of fed, fasted, and refed rats. Two mRNA transcripts of 1.2 and 1.8 kb were observed. Isolation and sequencing of a genomic clone determined that these transcripts arise from differential sites of polyadenylation. The 1.2-kb transcript increased threefold upon fasting at 2 days and returned to normal with refeeding. Northern analysis of RNA from various tissues of fed and fasted rats showed that E2(14k) mRNA was expressed at high levels in testes, moderate levels in muscle, heart, and brain, but low levels in liver and kidney. Upon fasting, increases in mRNA levels were seen in muscle, heart, liver, and kidney. In vitro, in rat L6 myotubes, insulin lowered levels of E2(14k) mRNA. Because E2s catalyze the first irreversible reaction in the pathway and E2(14k) gene expression appears to change in parallel with the changes in levels of ubiquitinated proteins and rates of proteolysis, conjugation mediated by this E2 may be a rate-limiting step in the pathway. This is the first demonstration of direct hormonal regulation of a gene in the ubiquitin system and argues strongly for a role of the ubiquitin system in the metabolic response to fasting in skeletal muscle.